Abstract. Non-motor symptoms such as neuropsychiatric and cognitive dysfunction have been found to be common in Parkinson's disease (PD) but the relation between such symptoms is poorly understood. We focused on alexithymia, an impairment of affective and cognitive emotional processing, as there is evidence for its interaction with cognition in other disorders. Twenty-two non-demented PD patients and 22 matched normal control adults (NC) were administered rating scales assessing neuropsychiatric status, including alexithymia, apathy, and depression, and a series of neuropsychological tests. As expected, PD patients showed more alexithymia than NC, and there was a significant association between alexithymia and disease stage. Alexithymia was associated with performance on non-verbally mediated measures of executive and visuospatial function, but not on verbally mediated tasks. By contrast, there was no correlation between cognition and ratings of either depression or apathy. Our findings demonstrate a distinct association of alexithymia with non-verbal cognition in PD, implicating right hemisphere processes, and differentiate between alexithymia and other neuropsychiatric symptoms in regard to PD cognition.
Introduction
Parkinson's disease (PD) is traditionally characterized as a motor disorder, but the existence of non-motor symptoms is attracting increasing attention from clinicians and researchers because of their impact on patients' quality of life. Among others, the non-motor symptoms include cognitive dysfunction [1] [2] [3] [4] and neuropsychiatric symptoms such as apathy [5] [6] [7] [8] [9] [10] [11] [12] [13] , depression [14] [15] [16] [17] [18] [19] , and alexithymia [20, 21] . PD-associated cognitive impairments have been attributed to reduced dopaminergic innervation in the nigrostriatal and meso-cortical dopaminergic systems, leading to dysfunction of neural circuits including the basal ganglia and cortical projection areas (reviewed in [3] ). PET studies have shown decreased network activity [22] and metabolic abnormalities [23] in prefrontal and parietal brain regions in PD patients with mild cognitive impairment, consistent with the cognitive domains commonly affected in PD: executive and visuospatial function [24] .
Alexithymia, an impairment of affective and cognitive emotional processing, is a common neuropsychiatric concomitant of PD [25] , with an estimated prevalence of 21% in non-demented patients [21, 26] . Dopamine depletion in brain areas critical for emotional cognition, such as anterior cingulate cortex (ACC) and orbitofrontal cortex [27, 28] , may underlie the manifestation of alexithymia in this disorder. Though understudied, it has been suggested that alexithymia should be considered and treated as an important non-motor symptom of PD [20] . The multifaceted construct of alexithymia is characterized by the following: a) difficulty identifying and distinguishing between feelings and bodily sensations of emotional arousal, b) difficulty describing feelings, c) reduced imaginal processes, and d) a stimulus-bound, externally-oriented cognitive style [29] . Alexithymia characteristics reflect deficits in the cognitive processing and regulation of emotions, such as the inability to apply adaptive processes for affect regulation (e.g., modulating arousal, expressing or suppressing emotions, and cognitive assimilation), which may in turn contribute to the development and course of various psychiatric and medical disorders, such as depression and diabetes [30] [31] [32] , and affect treatment outcome [33] [34] [35] .
According to a current model, alexithymia derives from dysfunction of frontal areas [36, 37] , specifically the ACC and prefrontal cortex [38] . Support for this model comes from neuroimaging studies [39] [40] [41] [42] [43] , which also have related alexithymia to predominantly right hemisphere dysfunction. Scores on the standard measure of alexithymia, the Toronto Alexithymia Scale (TAS-20 total), were reported to be significantly correlated with gray matter volume of the right, but not left, pregenual ACC in a sample of healthy older adults [44] . In another study of normal aging, a significant correlation was found between right rostral ACC volume and alexithymia ratings, with more advanced age corresponding to higher alexithymia ratings and to smaller overall right ACC total gray matter volume in rostral and dorsal subregions as well as in the left rostral subregion [45] . Alexithymia has also been related to right-hemisphere lesions in individuals with stroke [46] .
There is little known in regard to the relation between alexithymia and cognitive dysfunction in PD. In one study alexithymia was associated with poor performance on a cognitive (visuospatial) test [47] . In individuals with HIV, which is like PD in that it affects frontostriatal areas, associations were documented between alexithymia, but not depression, and performance on measures of executive and visuospatial function [48] .
While alexithymia is often associated with depression [49] [50] [51] , previous research has indicated that they should be considered distinct constructs [52] [53] [54] [55] . In PD, some studies also related alexithymia and depression [26, 56] , while others showed that the two conditions may be reliably dissociated in this disorder [20, 21] , suggesting that alexithymia is at least partly independent of depression in PD and may be directly related to the disease process [20] .
Apathy, like alexithymia, is associated with damage to the frontal lobes and disruption of the frontalsubcortical anterior cingulate circuits [57] [58] [59] . Neuroimaging research has shown that the severity of apathy is associated with the volume of the nucleus accumbens, one of the central structures in the anterior cingulate frontal-subcortical circuit [60] . Apathy, like alexithymia, also appears to be more common in patients with right-than left-hemisphere damage [9, 61] . Neuroimaging research has shown that apathy is associated with decreased gray matter volume in the right anterior cingulate in older adults [62] . In PD, apathy was correlated with low gray matter density in bilateral inferior frontal gyrus and inferior parietal gyrus, right cingulate and right precuneus in one study [63] ; and with low volume of the right medial temporal lobe in another study [5] . Also in PD, apathy has been related to emotional cognition, specifically the ability to attribute emotional states to others [64] . Similarly, apathy has been related to alexithymia in patients with frontostriatal dysfunction arising from neurodegenerative disease [44] and HIV [48] . The anatomical overlap in neural networks involved in alexithymia and apathy, together with the neuropsychological findings, raises the question of potential overlap in the expressions of alexithymia and apathy in PD.
The present study aimed to explore the expression of neuropsychiatric symptoms in PD without dementia by assessing the effect of neuropsychiatric status, and alexithymia in particular, on cognitive function. Examining the relation between emotional processing and cognitive function is important from both clinical and theoretical perspectives, as it may provide insights into the interaction of emotional and cognitive neural systems. The present study had two main aims. The first was to explore the association between alexithymia and cognition in PD and to consider the mechanisms underlying an association. The ACC connections with the prefrontal and parietal cortices are important for both cognitive (executive in particular) and emotional function [65] [66] [67] . We hypothesized that alexithymia level should be associated with cognitive dysfunction associated with these brain areas, including attention, executive function, and visuospatial processing. To address an ongoing debate in the literature regarding lateralized (left vs. right hemisphere) expression of alexithymia and follow the lead of one neuropsychological study of PD that suggested an association between alexithymia and cognitive abilities mediated by the right hemisphere (i.e., visuospatial function) [47] , in the present study we related alexithymia to material-specific cognitive domains (verbal vs. non-verbal). We also explored the relation between cognitive performance and various aspects (factors) of alexithymia in PD, as neuroimaging studies have suggested differentiation between neural systems associated with specific aspects of alexithymia. The second aim was to examine the potential overlap between alexithymia and apathy in PD. Based on the results of imaging and behavioral studies as described above, we hypothesized that if apathy and alexithymia share common neurophysiological substrates, there should be an association between the levels of apathy and alexithymia. We also examined the extent of overlap between alexithymia and apathy in regard to their relation to cognition in PD.
Methods

Participants
Twenty-two consecutively-enrolled non-demented individuals with idiopathic PD (10 men, 12 women) and 22 normal control adults (NC) (10 men, 12 women) matched on socio-demographic variables participated in the study. All participants scored 28 or higher on the Mini-Mental State Examination (MMSE) [68] and were not demented. PD participants were recruited from the Parkinson Clinic of the Department of Neurology, Boston Medical Center and through local support groups. NC were recruited from the community. The research was approved by Boston University's Institutional Review Board. Participants were required to be native speakers of English. Exclusion criteria included co-existing cancer, serious cardiac disease, other serious chronic medical illness, prior intracranial surgery, history of traumatic brain injury, psychiatric diagnosis (exclusive of depression or anxiety) or neurological diagnoses other than PD; history of alcoholism or other drug abuse; history of eye disease or other abnormalities; and use of psychoactive medications, except for use of antidepressants and anxiolytics in the PD group, which are commonly prescribed. PD clinical staging was determined by the patient's neurologist based on the widely used index of motor disability, the Hoehn and Yahr scale (H&Y) [69] . All PD participants were stages I-III (mild to moderate bilateral). The average duration of disease was 7.8 years (SD = 3.1). PD diagnosis was made by patients' neurologists, using UK Parkinson's Disease Society Brain Bank clinical diagnostic criteria [70] . Side of motor symptom onset was obtained by patient report and from neurologist records.
Eleven patients had initial motor symptom on the right body side (RPD: 5 men, 6 women) and 11 had leftside onset (LPD: 5 men, 6 women). RPD and LPD groups did not differ in age, education, MMSE, H&Y stage, or disease duration. There were no group differences between male and female PD participants for age, education, MMSE, H&Y stage, or disease duration. All PD participants received daily dopamine replacement therapy and /or dopamine receptor agonists. Levodopa equivalent dosages (LED) were calculated based on previous reports with LED: (regular levodopa dose × [71] . None of the PD participants were taking anticholinergic medications. Three were taking some form of sleep medication. PD participants were tested while on their anti-parkinsonian medications (in their "on" state).
Procedure
Study participants were administered standardized measures of neuropsychiatric functioning and a series of standardized neuropsychological measures sensitive to PD-associated cognitive impairments. The cognitive tests were chosen to sample both verbal and non-verbal domains. Because the PD and NC groups were matched on age, education, and male:female ratio, we compared and report raw scores for all tests. Before participating, each individual provided written informed consent.
Neuropsychiatric status assessment
The 20-item Toronto Alexithymia Scale (TAS-20) was administered to evaluate alexithymia [72] . It comprises three subscales that reflect distinct facets of alexithymia: Factor 1 (difficulty identifying feelings and distinguishing them from bodily sensations of emotion, DIF), Factor 2 (difficulty describing feelings, DDF), and Factor 3 (externally oriented thinking, EOT). Item responses were rated on a five-point Likert scale ranging from 1 to 5. Higher scores reflect more severe alexithymia. Based on the total score, individuals are categorized as non-alexithymic (scores ranging from 20 to 51), borderline alexithymic (scores ranging from 52 to 60), or alexithymic (scores 61) [72] .
Apathy was assessed using the modified 14-item Apathy Scale (AS) [10, 73] . Items are rated on a 0-to-3 Lik-ert scale. Scores range from 0 to 42, with higher scores indicative of more severe apathy. Total score was the dependent measure. AS and its modified version were reported to have excellent psychometric properties and have been used to study PD [10] .
The Beck Depression Inventory, Second Edition (BDI-II) [74] is a 21-item self-report instrument that assesses the existence and severity of symptoms of depression as listed in the American Psychiatric Association's Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition [DSM-IV; [75] ]. There is a four-point scale for each item ranging from 0 to 3. Total score in the range of 0-13 is considered indicative of minimal depression, 14-19 is mild, 20-28 is moderate, and 29-63 is severe. The BDI is considered a reliable and valid measure of depression in PD [76] .
Cognitive functioning assessment
The neuropsychological series included a number of tests that we expected to be sensitive to frontostriatal and parietal dysfunction (attention, executive function, visuospatial ability) [3, 8, 48] . A focus of interest was on the potential dissociation between correlations of neuropsychiatric status and performance on the verbally and non-verbally mediated cognitive tests.
Verbal domain
Controlled Oral Word Association Test [77] . This is a test of verbal fluency: (1) phonemic fluency, in which participants were required to generate words beginning with a particular letter (F, A, S); and (2) category fluency, in which participants generate words that belong to a particular category (Animals). Total number correct within a 60-s time period for each condition was recorded.
Digit Span, Wechsler Memory Scale III [78] , is a measure of the efficiency of attention (Forward Span) and working memory (Backward Span) in the verbal domain [79] . The total score was used for the group comparison.
Subtracting from 100 by 7 [80] is a task of sequential arithmetic operation. A neuroimaging study demonstrated bilateral prefrontal and posterior parietal cortex activation during silent subtraction by sevens in healthy adults [81] . The task is presented verbally and requires a spoken verbal answer. Time to completion and number of errors was recorded.
Non-verbal domain
The Trail Making Test (TMT) [82] is a test of psychomotor speed, attention, and executive functioning that consists of two subtests. Trails A is a test of simple attention and psychomotor speed, in which participants connect numbered circles in ascending order (1-2-3, etc.). Trails B is a measure of combined visual search, psychomotor speed, and cognitive flexibility, assessing the ability to shift and maintain the response set. Participants sequentially alternate between alphanumeric sequences (1-A-2-B, etc.). Time to completion and number of errors were recorded.
Raven's Coloured Progressive Matrices (RCPM) [83] . This is a measure of visuospatial skills and reasoning ability. The task is to choose one of six possible completions of an incomplete pattern matrix. Total score (the number correct out of 36 items) was recorded.
Clock reading test [80] . Participants are asked to identify and mark the time shown on each of the 10 clocks presented on a standard paper. Time to completion and number of errors were recorded.
Visual symbol search test [84] provides a measure of visual scanning abilities and sustained attention. Participants search and cancel the target symbol in the non-verbal array. Time to completion was recorded.
Boston Visuospatial Quantitative Battery (BVSQB; [85] ). On the Drawing to Command subtest, the participant is required to draw six objects, one at a time. Total number of correct points was recorded. Right-Left Orientation subtest requires the identification of right and left on 20 different body parts and objects drawn in various positions. The number of errors was recorded.
Statistical analyses
To analyze differences between the PD and NC groups, independent samples t-tests (2-tailed) were used. Alpha was set to 0.01 to account for multiple comparisons. Analyses of performance of men and women in the PD and NC groups revealed no significant differences in neuropsychological profile or mood ratings, and data were accordingly collapsed across these subgroups. Pearson correlations were performed to examine associations between neuropsychiatric status and neuropsychological performance. Linear regression analyses were then performed to examine the role of neuropsychiatric and neuropsychological factors in predicting alexithymia in PD, with alexithymia as the dependent variable and neuropsychiatric test scores (apathy and depression) and neuropsychological test scores (those correlated with alexithymia) as independent variables.
Results
This study used a mixed design, with each participant receiving all assessments. The results are divided into two sections. The first section presents findings regarding the effects of PD on neuropsychiatric status and cognitive function, and the second section relates neuropsychiatric status to cognitive performance, specifically to the verbal vs. non-verbal cognitive domains.
Effects of PD on neuropsychiatric status and cognitive function
Neuropsychiatric status
Independent groups t-tests revealed that the PD participants reported significantly higher alexithymia levels (TAS-20 total) than the NC group. There were no group differences in depression or apathy level, though there was a trend toward more depression in the PD group (Table 1) . Comparison of the LPD and RPD subgroups revealed no significant differences in alexithymia, apathy or depression levels [all p s > 0.61].
We also explored the relation between alexithymia factors and both apathy and depression using Pearson correlations (two-tailed). Alexithymia ratings (TAS-20) correlated with apathy and depression. Specifically, F1 was associated with depression [r = 0.36, p < 0.018], whereas F3 was associated with apathy [r = 0.36, p < 0.017] in PD. We observed a trend toward a similar pattern of correlations (F1 with depression and F3 with apathy level) [p s < 0.052] in NC.
Cognitive performance
To examine whether the PD group exhibited cognitive deficits compared to the NC group, we conducted independent groups t-tests. The PD group performed more poorly than the NC group on a number of tests, as expected. Significant group differences were observed on verbal and non-verbal measures of executive and visuospatial functioning (see Table 2 ).
Relation between neuropsychiatric status and cognitive performance
To explore the nature of the relation between alexithymia and lateralized cognitive functions in PD, we performed Pearson correlations between alexithymia factors and neuropsychological performance in the verbal and non-verbal domains. Because we expected more severe alexithymia to be associated with poorer executive function and visuospatial abilities, one-tailed tests were used. To achieve a reasonable balance between Type I and Type II errors and to allow the examination of potential relations among variables, we adopted a more conservative significance level of 0.025. This adjustment was made for similar reasons in our previous study of alexithymia in another frontostriatal disorder, HIV [48] . As predicted, alexithymia was associated with performance on a number of non-verbally mediated executive function and visuospatial measures [TMT A, TMT B, Clock Reading Test, Visual Symbol Search, and BVSQB Drawing Test] (Table 3) . By contrast there were no significant correlations between alexithymia and performance on verbally mediated neuropsychological measures (all r s < 0.4; all p s > 0.1). We found no significant correlations between alexithymia and neuropsychological performance in the NC group We also assessed the association between degree of alexithymia and disease stage (H&Y) using multiple Spearman's correlations (two-tailed). Alexithymia ratings significantly correlated with disease stage as shown for the overall alexithymia rating (TAS-20 total: r = 0.56, p < 0.020) and for F3 specifically (externally oriented thinking) (r = 0.59, p < 0.013). By contrast, there were no significant correlations between H&Y stage and severity of apathy (AS) or depression (BDI-II) (all r s < 0.39; all p s > 0.12).
Discussion
We examined the effect of PD on alexithymia and its relation to cognition in non-demented individuals with PD. First, as expected, we found the expected PD-related deficits in verbal and non-verbal cognitive domains, including attention, executive function and visuospatial function, which is reflective of frontostriatal and parietal dysfunction associated with the disorder. Second, also as predicted, PD patients reported significantly higher levels of alexithymia than the NC group. The group differences applied to the total alexithymia score and to two of the three alexithymia processing components, F2 (difficulty describing feelings) and F3 (externally oriented thinking). The extent of alexithymia and each of its processing components (F1, F2, and F3) but not the extent of depression or apathy, significantly correlated with performance on neuropsychological measures of attention, executive and visuospatial function in this sample. There was a differential association between alexithymia and performance of tests in the non-verbal, but not the verbal, cognitive domain, supporting our hypothesis that alexithymia is associated with cognitive deficits mediated predominantly by the right hemisphere. The results are in accord with those of a study that showed an association of alexithymia and performance on a visuospatial task in a hospitalized non-demented PD patient sample [47] . To our knowledge, ours is the first study to demonstrate a differential association of alexithymia and apathy with cognitive dysfunction in PD in relation to the lateralized cognitive domains. While there was a significant association between alexithymia factors, apathy and depression in PD, neither apathy nor depression level correlated with cognitive performance.
Potential brain substrates of alexithymia in PD
The extent of alexithymia significantly correlated with attention, executive and visuospatial function, cognitive domains associated with frontostriatal and parietal pathology. This finding supports the current "frontal" alexithymia model, which postulates that alexithymia is the result of dysfunctional mechanisms in the frontal cortex [36] [37] [38] . The visuospatial cognitive domain reflecting parietal dysfunction is also affected by PD and was associated with alexithymia in our study. The ACC connections with the prefrontal and parietal cortex are important for both cognitive and emotional function [65] [66] [67] , which may explain the significant relation between visuospatial dysfunction and the extent of alexithymia in PD.
Apathy and alexithymia in PD
Previous imaging and behavioral research (reviewed in the Introduction) have suggested that apathy and alexithymia may share some common neurophysiological substrates within frontostriatal circuits, and related apathy and alexithymia to right-hemisphere dysfunction. We found that apathy and alexithymia differentially correlated with performance on neuropsychological measures. Whereas alexithymia was significantly associated with performance on non-verbal measures of executive function and visuospatial ability, apathy was not associated with performance on any of the tasks. The fact that apathy and alexithymia can be dissociated in PD implies that they have at least partially distinct neural substrates within frontostriatal circuits.
The observed dissociation between the two neuropsychiatric conditions in relation to cognition suggests at least two potential interpretations: (1) the underlying neural substrates for apathy and alexithymia are differentially affected by PD neuropathological processes; (2) it was too early in the course of the disease to detect the apathy-associated changes in our sample. In line with this argument, we found no differences in apathy levels between our non-demented PD and NC groups, which is consistent with the notion that apathy may be a reflection of more advanced (moderate to severe) stage of PD [25] . There was, however, a significant correlation between apathy level and severity of alexithymia (F3) in our sample. Previous neuroimaging research in healthy older adults has found a significant correlation between right rostral ACC volume and alexithymia ratings (TAS-20) for both total score and F3 [45] . Taken together, these findings suggest a potential overlap in the neural substrates (the rostral subregion of ACC) of apathy and alexithymia, specific to F3.
Depression and alexithymia in PD
We found no significant group difference between PD and NC for depression, though there was a trend for the PD group to be more depressed. The severity of depression correlated with alexithymia level (TAS-20, F1) but did not correlate with performance on any of the cognitive tests, meaning that the neuropsychological abnormalities observed in our sample could not be attributed to depression.
The results of multiple regression analyses further clarified the association between alexithymia, apathy and depression in PD. We found that apathy, but not depression, predicted higher levels of alexithymia. These findings are consistent with previous studies that indicated that although alexithymia may be associated with depression, these neuropsychiatric conditions can be dissociated in patients with PD [20, 21] .
Of note, in contrast to what was found in our PD group, in our healthy control group there were no correlations between alexithymia (or apathy or depression) and performance on the neuropsychological measures in NC group in our study. It is possible that the interaction between the processing components of alexithymia and cognitive dysfunction occurs only in the presence of cognitive deficits. These results are consistent with our findings of a significant correlation between alexithymia and cognition in patients with HIV but not in their matched healthy control group [48] .
PD and the individual processing components of alexithymia
We explored the association between cognition and the individual processing components of alexithymia in PD, as neuroimaging and behavioral studies have suggested distinct neural mechanisms underlying the components. In one study of normal aging, there was a significant correlation between right rostral ACC volume and alexithymia ratings on TAS-20 F3 (Externally Oriented Thinking, EOT) [45] . These findings suggested that deterioration in the rostral subregion of the ACC with age may contribute to alexithymia, and more specifically to F3. In a study of patients with stroke, F1, Difficulty Identifying Feelings (DIF), and F2, Difficulty Describing Feelings (DDF), were related to righthemisphere lesions [46] . Though limited in number, these studies provided evidence that individual processing components of alexithymia may be associated with distinct brain regions. Specifically, F3 is thought to depend on the rostral ACC. Our results support this notion, as we observed group differences between PD and NC on F3 but not F1. See Bogdanova et al. [48] for further consideration of the role of the ACC in emotional cognition.
Dissociations between cognitive and affective aspects of alexithymia (reflected by alexithymia factors) have been reported previously in clinical and nonclinical populations [86] . F1 (DIF) reflects the affective dimension of alexithymia, and was found to be strongly associated with depression ratings in a clinically depressed group [87] , which is consistent with our findings. F3 (EOT, considered the cognitive component) was found to be significantly associated with smaller rostral ACC volume in healthy older adults [45] ; with diagnosis of obsessive-compulsive disorder, a frontostriato-thalamocortical disorder associated with dys-function of the orbitofrontal cortex, ACC, thalamus and caudate nucleus [87] ; and with cognitive performance in another frontostriatal disorder, HIV [48] . In the present study of PD, F3 was likewise associated with cognitive performance, and with apathy level. F2, by contrast, was associated with only one (visuospatial) measure in our study, similar to the observation reported in the HIV study, in which F2 was related to only a subset of non-verbally mediated tasks [48] , and consistent with an earlier report of F2 being related to righthemisphere lesions [46] . We also observed dissociations between alexithymia factors and other neuropsychiatric symptoms. Specifically, apathy was significantly associated with F3 alone, whereas depression was associated with F1 alone, and F2 did not correlate with depression or apathy. Taken together, these findings provide further evidence for the possibility of anatomically and functionally distinct neural substrates for the individual processing components of alexithymia.
Neuropsychiatric status and disease stage
Our results indicated a specific association between neuropsychiatric status and disease stage in nondemented PD. The severity of alexithymia (TAS total and F3 ratings), but not apathy or depression, were significantly correlated with the Hoehn and Yahr index of disease stage. It should be noted that our sample was restricted to individuals with mild to moderate PD, in stages I to III of the disease.
Study limitations
Our sample of PD patients, although large enough to reveal significant differences on the various measures in relation to the control group, was too small to allow us to investigate potential subgroup effects, such as by side of PD motor onset, type of motor symptom at onset (tremor vs. other), or interactions with gender. Our PD group included approximately equal numbers of those with LPD and RPD as well as of men and women, but there was insufficient power to explore potential subgroup effects in any depth. Also, as noted above, we restricted the study to individuals with mild to moderate PD without dementia. Those with more severe disease, with or without dementia, may show a different pattern of results in regard to neuropsychiatric status in general and its relation to cognition in particular.
Implications
The identification and treatment of alexithymia in patients with PD is very important, as alexithymiarelated deficits in cognitive processing and the regulation of emotions have been shown to negatively affect treatment outcome in other medical and psychiatric disorders. Apathy is another key symptom to address in PD, as it can have significant impact on quality of life and patient disability [88, 89] . Apathy level but not depression was associated with alexithymia severity in our study. Alexithymia and apathy are treatable conditions, and timely screening and intervention may protect the quality of life and reduce disability in individuals with PD. Our results indicated a correlation of alexithymia and disease stage, even in this relatively mildly impaired PD sample (non-demented, Hoehn and Yahr stages I to III only). Longitudinal studies are needed to investigate the temporal dynamics and change in the expression of these neuropsychiatric deficits associated with PD progression, and evaluate the effect of treatment of these neuropsychiatric conditions on cognitive function and quality of life in PD.
